Despite increased research focusing on the impact of digital video recorder (DVR) use, there continues to be a notable lack of data on viewers' direct experience of time-shifted television ads. The current study was designed to increase understanding of information processing among DVR users by directly examining viewers' biometric responses, eyegaze patterns and memory for ads viewed entirely in fast-forward (FF) mode compared with viewers who watched the same ads in real time. The results indicate that, compared with a control group of viewers of real-time advertising, viewers recalled the same ads viewed in FF at significantly higher rates than expected given the speed with which they were viewed. Notably, prior exposure to an ad increased the likelihood of that ad being recalled in FF mode. Eye-tracking data show that viewers in the DVR group spent significantly more time with their eyes on screen, more time looking at the centre of the screen, and also showed a substantial amount of visual processing activity during FF viewing. Finally, there were significantly higher levels of biometric response, an indicator of emotional processing, suggesting that viewers are in a 'hyper-alert' state during FF viewing. The biometric results, when combined with indications of visual processing and increased screen time, help explain the higher than expected next-day recall of ads in the DVR group.
Introduction
In the rapidly changing world of advertising, television has long remained a constant as an effective advertising platform. Although annual percentage growth has decreased in the US over time, it remains the strongest channel in terms of overall advertising revenues generated (TNS Media Intelligence 2007) . Despite its long and powerful history, the utility of television advertising has come under scrutiny in the wake of digital video recorder (DVR) technologies. These recording devices allow viewers to watch television programmes at their convenience. The DVR saves programmes onto a hard drive and gives users the ability to record, pause, rewind and fast-forward (FF) through any portion of previously recorded or even 'live' television content, including commercials. Understandably, this has resulted in questions regarding the effectiveness of ads viewed in FF mode, with some speculation as to whether fast-forwarded ads have any impact on viewers at all (Maddox 2006) . Such questions have persisted despite research suggesting that the impact of DVRs on television advertising appears to be much less than expected (Consoli 2005 (Consoli , 2007 Wurtzel 2006) . Though research focusing on the impact of DVR use has grown, there continues to be a notable lack of data on viewers' direct experience of time-shifted ads. The current study seeks to increase understanding of information processing among DVR users by directly examining viewers' eye-gaze patterns, biometric responses and memory for ads viewed entirely in FF mode, compared with viewers who watched the same ads in real time.
Background
DVRs are now in use in an estimated 21% of US households (Nielsen Media Research 2007) , with DVR penetration in US households predicted by NBC Universal to reach 34% in 2010. This increase in DVR use has sparked interest in research examining its impact on television advertising (Downey 2007; Pearson & Barwise 2007; Wilbur 2008) . One large study was conducted by Du Plessis and Millward Brown (2006) . This study compared 800 adults with DVRs to 1,200 adults who did not own a DVR. Interestingly, DVR owners showed very little difference for recall and aided recognition of ads shown during prime-time viewing compared with non-DVR owners. This could be partially due to the fact that the majority of DVR owners reported watching prime-time programming 'live' (as opposed to time-shifted), with only 39% of DVR owners reporting that they viewed programmes at a later date. These results are surprising given the prior assumptions about low levels of ad recall among DVR owners.
In contrast to 'live' or 'by appointment' television viewing, in which ads can be avoided by channel surfing or turning towards other activities (Van Meurs 1998; Tse & Lee 2001) , DVR users tend to report that they view the screen while fast-forwarding through ads, thus increasing the likelihood that they are experiencing the ads at some level. Indeed, Mandese (2004) found that 52% of DVR users reported that they 'sometimes' notice ads and 15% more reported that they 'always' notice ads while viewing time-shifted content. In addition, Nielsen data on DVR households indicate that 43% of ads are played back in time-shifted viewing of prime-time US broadcast television programmes (Nielsen Media Research 2007) . Prior unpublished research conducted by NBC Universal and Innerscope Research also found that DVR users occasionally stop and view (and occasionally rewind to view or re-view) interesting ads, behaviours that have been more strongly associated with sales than uninterrupted ad exposures (Zufryden et al. 1993) .
These results suggest that DVR users are not only watching the screen but doing so with 'heightened attention' while viewing time-shifted ads (Wilbur 2008 ). This heightened attention may boost the impact of ads experienced in FF mode. Indeed, Gilmore and Secunda (1993) found previous learning from prior exposures was enhanced by viewing ads at an accelerated pace. In summary, the existing studies suggest that DVR use may not have as large an impact on advertising as might be expected. Importantly, DVR owners also reported feeling more 'engaged' with media overall and were significantly more likely to describe themselves as being in a more 'attentive' and 'receptive' frame of mind when watching TV (Du Plessis et al. 2006) .
Time-shifted viewing has two major effects on ads: visual content is viewed at an accelerated rate and all audio content is lost. Research from cognitive-affective neuroscience clearly suggests that the brain processes information differently depending upon how that information is presented and perceived (Murphy et al. 1993; Schacter 1996; Monahan et al. 2000; Reber et al. 2003; Lieberman 2007) . Thus, when information is presented rapidly, it will be processed differently than when it is presented more slowly (Grover 1974) . Observers are usually unable to describe these differences and are often unaware of the differences in information processing (Lewicki 1986; Schacter 1996; Reber et al. 2003) . For example, the perception of rapidly presented information is associated with a distinct neurobiological response to the information, despite observers' inability to report having seen anything (Elliot & Dolan 1998; Ohman & Soares 1998) .
Much of the data described above regarding the viewing experience of time-shifted ads have been collected via self-report. While there are advantages to using self-report questionnaires (including ease of data collection and use of large sample sizes), there are many instances of information processing that are difficult for humans to report and rate accurately (e.g. Bargh & Williams 2006; Briggs 2006) . Given the neurobiological evidence that the speed of presentation is a factor in how information is processed, time-shifted ads (in which information is presented at an accelerated rate without audio content) may impact individuals in a qualitatively differently manner than ads shown in real time. This suggests that newer neuromarketing technologies that collect data in a preconscious and unobtrusive manner, such as biometrics and eye tracking, can aid in detecting and examining the differences in information processing strategies during FF viewing. Such technologies have much to offer modern advertising research since they allow a more precise, moment-to-moment measurement of automatic responses with minimal impact on the viewing experience (Briggs 2006; Marci 2006) .
Integrating traditional and biometric methods
The convergence of technological innovations and scientific advancements in the field of neuroscience has led to an increased interest in applying biometrics to advertising research. For example, methods, designs, theories and technologies from the fields of experimental psychology, neuroscience and social cognition have been utilised to study a number of aspects related to television advertising (Briggs 2006; Marci 2006; Plassmann et al. 2007) . By combining traditional and biometric research methods, data are simultaneously collected on multiple aspects of the viewing experience, ranging from the most explicit (i.e. conscious and self-reportable) to the most implicit (automatic and verbally unreportable). To date, such methods have rarely been employed to compare FF with real-time viewing of ads. The present study introduces biometric methods integrated with a traditional ad performance measure to examine the impact and experience of ads viewed in FF mode.
Traditionally, one of the most frequently employed methods for evaluating advertising effectiveness has been viewer recall and recognition. In a recent review, Mehta and Purvis (2006) argued for including measures of recall in studies designed to assess the impact of advertisements, and that emotional responses to ads often boost recall. While limited in effectiveness as a single measure, a number of studies have also demonstrated the utility of ad recall for studying the effectiveness of ads by linking viewer recall to sales data (e.g. Haley & Baldinger 1991; Dubow 1994; Lodish et al. 1995) . In his book, The Advertised Mind, Erik du Plessis (2006) suggests that ad recognition and recall measures require the respondent to access memory traces and that these memory traces are an important part of the purchase decision.
If viewers are capable of accurately recalling time-shifted ads this would demonstrate that some level of processing of the FF material had taken place and that this processing was substantial enough to allow for the recall of the ad at a later time. Such findings would substantiate DVR user reports that they 'notice' ads when fast-forwarding (Mandese 2004) . We hypothesised that viewers watching time-shifted ads will recall ads at an expected and predictable rate adjusted for the speed of viewing and the loss of audio. Support for this hypothesis comes from prior research conducted by NBC Universal and Innerscope Research (Story 2007) , which demonstrated that viewers pay attention to and have biometric responses to fastforwarded ads, actively scan the content, follow the action, and look at brand logos and text on the screen. Using biometrics and eye tracking, combined with self-reported ad recall measures, the present study builds upon prior research to increase understanding of the information processing that occurs when viewers watch television ads 'live' and in 'fast-forward', and may help explain how and why viewers are able to recall commercials viewed at relatively fast speeds.
Study methods

Participant viewers
The present study used a sample audience of 100 adults (50 males, 50 females) age 25-35 years (mean = 28.6 ± 4.1). All participant viewers were from a large US metropolitan area who described themselves as regular viewers of prime-time network television (including the popular NBC series, Heroes), and who did not avoid drama or science fiction. Participants were told that they were going to watch an unaired television pilot and, afterwards, would be asked some follow-up questions about the programme and advertising. Participants were placed into two groups. The control group was composed of 40 viewers who did not own a DVR. The DVR group was composed of 60 viewers who reported owning and using a DVR to frequently time-shift prime-time television. These 60 viewers were then randomly assigned to one of two DVR groups: (a) ability to fastforward through content at three times the normal speed (3×), or (b) ability to fast-forward through content at six times the normal speed (6×) (Due to space constraints, only the results of the control and 6× DVR group are reported.)
Participant viewers for the control group met the same demographic criteria as the DVR group except that they did not own a DVR. Viewers watched the test programme, with embedded ads, at Innerscope Research's facility in Boston, Massachusetts. The facility is designed to create a 'living room'-like atmosphere so that viewers can watch TV in a naturalistic manner. Viewers in the DVR group were given a remote control connected to a computer with the capacity to fast-forward, stop, rewind and play. They were given the opportunity to practise using the remote prior to watching the programme, and were instructed to watch television as they normally do. All presses of the remote control were timestamped to allow for coding of viewer behaviour, and to ensure that only ads and responses to ads that were fast-forwarded in their entirety were used in the analyses. All participants were monitored in a living-room-like environment using standard 42-inch LCD flat-screen monitors with twochannel stereo sound. Care was taken to ensure that all participants were given uniform instructions and procedures.
Ad content
A total of 36 advertisements and five network TV promotions were shown during five advertising pods within the 60-minute pilot episode of the prime-time show Journeyman (NBC Universal 2007) prior to airing. In an effort to be as naturalistic as possible, commercials included in this study reflected a wide variety of advertising categories and creative elements from companies that routinely advertise on prime-time network broadcasts. Pod length varied from 200 seconds to 240 seconds, following US network guidelines for length and content. The vast majority of the commercials were 30-second (:30 s) spots, with nine 15-second (:15 s) spots, one 60-second (:60 s) spot, and one 45-second (:45 s) spot. Network television promos, which ranged from 20 to 30 seconds in length, were placed at the end of the pods and were not included in the analysis. Consistent with commercial formatting protocols, ads for the same product were always shown in different pods, and no more than two 15-second ads were placed in the same pod.
Careful consideration was given to placement of the individual ads based on working knowledge of DVR viewing behaviours. Namely, given that the first and last positions in an advertising pod are less likely to be fast-forwarded in their entirety by DVR viewers, 12 'filler ads' cushioned the 24 'target ads' of interest to control for the start of fast-forwarding. Each of the filler ads was for a different brand-name product and/or service, and these ads were distributed across the different pod breaks to ensure that all ad blocks maintained the standard commercial load of approximately 3.5 to 4 minutes per pod.
The 25 target ads, which were the focus of the present study, were intentionally placed in the middle of the pod to maximise the likelihood of being fast-forwarded by DVR viewers. There were six paired target ads (both a 30-second and a 15-second version for the same product and/or services); thus a total of 18 products/services were depicted. To control for order effects, the pod breaks and both the filler and target ads were counterbalanced in two viewing reels. In Reel 1, the five pods were presented in order with the ads in order. In Reel 2, the order of target ads within each pod was reversed and the order of the five pods was reversed. Thus, pods were presented in Reel 1 in order (i.e. 1 -2 -3 -4 -5) and in Reel 2 in reverse order (5 -4 -3 -2 -1). Viewers in both the control and DVR groups were randomly assigned within each group, with 50% viewing Reel 1 and 50% viewing Reel 2. Note that the analysis of the DVR group includes only target ads and responses for target ads that were fastforwarded in their entirety by at least 20 respondents in the group.
Recall measures
Next-day recall, a standard method of assessing memory for ads, was analysed using results from questions on Aided ad recall and Brand identification. These measures were collected in assessing online survey sent to participants 24 hours after they watched the programme and ads. As part of the follow-up survey, viewers completed an Aided ad recall task in which they were exposed to actual images from the commercial and asked if they had seen the ad the day before. The three Aided ad recall images for each target ad were selected from evenly timed quartiles that captured the clearest image at the end of the 1st, 2nd and 3rd quartiles, creating three images presented in order reflecting the beginning, middle and end of the target ads. For paired ads (i.e. where there are both :30 s and :15 s ads), the :30 s ad was used to generate the images. All brand and product logos were masked to avoid identification. After completing the Aided ad recall task, those viewers who recalled seeing the commercial in Journeyman completed a Brand recognition task in which they were asked if they could correctly identify the brand and/or product/service depicted. Finally, after unmasking the brands in all images, viewers were asked if they had previously seen any of the ads prior to participation in the study, in an effort to gauge the level of Prior exposure to the target ads.
Biometric responses
In all conditions, each participant was continuously biometrically monitored using the Innerscope Biometric Monitoring System™, with data from multiple channels aggregated to identify moment-to-moment emotional engagement patterns. All biometric data were collected using a battery-operated, integrated garment-based sensor platform embedded into a lightweight Lycra ® vest worn underneath regular clothing. Four channels of biometric data were collected from each individual throughout the testing procedure, including:
1. 32-bit analogue-to-digital skin conductance response measured from sensor pads on the proximal ventral surface of the second and third phalanges on the non-dominant hand 2. medical-grade single-lead electrocardiography to calculate inter-beat interval measured using standard sub-clavicular lead placement 3. integrated plethysmographic respiratory transducers to calculate tidal volume and respiratory response measured in bands integrated into the fabric of the vest over the chest and abdomen 4. multi-axial 3D accelerometer with micro-control and integrated sensor array placed on the chest and abdomen to detect subtle movements in the x-y-z coordinate plane.
Sample rates for data collection were set according to published standards, and ranged from 50 Hz for skin conductance response to 400 Hz for the calculation of heart rate response. Raw signals from each channel for each participant were normalised to a baseline resting response and timelocked to the media stimulus. In the case of the DVR group, timelines from each participant remote control, indicating FF, stop, rewind and play, were used to determine participants who displayed FF behaviour through the entire target ad and to splice the raw data for analyses. Post-data collection processing and analyses used a patent-pending methodology that combines physiological synchrony with a measure of physiological intensity that produces a measure of audience engagement (for details and further rational, see Marci 2006) . For the purposes of this study, synchrony is defined as the degree to which the biomeasures of the target audience uniformly change when exposed to a media stimulus. Given the study controls and time-locked nature of the stimulus, a uniform response in an audience at the same time and the same rate is a proxy for the aggregate proportion of attention in the audience. This measure of synchrony is combined with an aggregate level of intensity, defined as the cumulative strength of the response of the biomeasures, which occurs at the same time. This corresponding increase in biometric response level is a proxy for the aggregate emotional impact on the audience. Thus, the definition of biometric response in this study is the combination of audience synchrony (proportionate uniformity of response) plus intensity (aggregate level of response) at the time of the target media stimulus. The aggregated biometric response data are normalised using standard mathematical transformations to a 100-point scale, with 50 being gauged as neutral audience response, below 45 a low response, and above 65 considered a high biometric response (most media stimuli consistently range between 45 and 65).
Eye-tracking data
Viewers in each condition were monitored with non-invasive eye-tracking systems utilising near-infrared reference lights as an estimate of the position of each participant's eye in 3D space and eye-gaze fixations relative to the television target. The raw x-y coordinates from the eye-tracking data collection software for each participant for each target ad were analysed with proprietary algorithms to determine areas of visual attention, including measures of:
1. television screen time (ratio of time on screen vs off screen) 2. central tendency of gaze (ratio of time in the centre of the screen vs time in non-central areas of the screen) 3. visual processing activity (a combination of eye movements and fixations outside the centre of the screen but inside the borders of the screen).
The resulting calculations give an estimate of several important parameters. First, screen time represents the proportion of time the aggregate audience eye gaze was on the television screen for the target ads. Second, central tendency represents the proportion of time the aggregated audience eye gaze was fixated on the centre of the screen (a proxy for 'zone out' during FF behaviour). Third, visual processing activity represents the amount of visual attention outside the centre of the screen (a proxy for information processing during real-time and FF behaviour).
Results
Demographic
Independent t-tests were used to assess group differences for multiple demographics collected via self-report prior to viewing. There were no significant differences in the control group compared with the DVR group in age, employment status, household income, marital status, education level, frequency of network viewing or specific prime-time programmes watched (p > 0.10). In addition, there were no significant differences between groups in level of interest in the following lifestyle categories: automobile, movies, finance, travel, new technology, sports, entertainment, computers, electronics, celebrities (p > 0.10).
Memory
Independent t-tests were used to assess group differences for Aided ad recall and Brand recognition for the 18 different products/services/brands represented by the target ads. Table 1 shows significant group differences were found for Aided ad recall and Brand recognition, indicating as expected that, on average, viewers watching ads in real time recalled more ads and identified significantly more brands. Statistical analyses found no significant differences in either condition for Aided ad recall or Brand recognition for target ads that were viewed once compared with target ads that were viewed twice (i.e. paired ads, N = 6).
Expected recall
Expected recall rates were calculated for the DVR group by using Aided ad recall and Brand recognition rates identified in the control group. Given the known decay in memory for visually compressed, rapidly presented data (Grover 1974) , Aided ad recall and Brand recognition rates from the control group were divided by the proportion of time the ad was on screen during Notes: units for eye tracking and biometrics are transformed to a 100-point scale for convenience; DVR remote control was set at 6× normal viewing speed FF viewing (i.e. 1/6 for 6× viewing speed). This is a conservative estimate as the division by time does not account for the loss of all audio content during FF viewing. Still, without direct support from the literature, a linear relationship between commercial time and subsequent ad recall is assumed. Thus, the expected rates for the DVR group were 11.5% for Aided ad recall and 7.3% for Brand recognition. To conclude that ads were being recalled at a higher rate than would be expected, we required that both the mean and the 95% confidence interval around the mean be higher than the expected value. As can be seen in Figures 1 and 2 , means and 95% confidence intervals for Aided ad recall and Brand recognition were both above the expected rates. These findings support the conclusion that time-shifted ads are being recalled and brands are being recognised at significantly higher rates than expected during FF viewing. Effects of prior exposure Figure 3 shows the effect of prior exposure for each group. For the DVR group, viewers who reported having seen the ad prior to the study had significantly higher rates of recall (t = 11.0, p < 0.001). The same was true for the control group (t = 4.6, p < 0.001). Table 2 shows a strong relationship between Prior exposure, Aided ad recall and Brand recognition for both study groups. These are large effects for Aided ad recall and Brand recognition, suggesting a significant influence of prior exposure in both groups. However, statistical comparisons of these correlation coefficients revealed that the correlation between Prior exposure and both Aided ad recall and Brand recognition were significantly stronger in the DVR 6× group as compared to the control group (z = 2.1, p = 0.02). This suggests that the effects of Prior exposure are stronger when ads are viewed in FF mode. 
Eye tracking
To examine group differences for the eye-tracking variables, separate independent t-tests were conducted comparing the groups for central tendency and screen time. Results are presented in Table 1 and show that the DVR group had significantly higher rates of screen time compared to the control group, indicating that there are more eyes on the screen during FF viewing than real-time viewing. In addition, the DVR group who viewed ads at six times the normal speed had higher rates of central tendency and lower rates of visual processing activity, suggesting a change in visual processing strategy for the same ads with more time in the centre of the screen, and reduced movement and fixations outside the centre of the screen during FF compared with real-time viewing for the same ads.
Biometric response
To examine group differences in biometric response levels, an independent t-test was conducted comparing the two groups during exposure to the target ads. Two of the 24 target ads did not meet the threshold for biometric analysis in the DVR condition (namely 20 or more respondents had to have fast-forwarded through the commercial in its entirety). As such, data for these ads for both groups were removed from the analyses, resulting in biometric data for 22 of the 24 target ads. Results are presented in Table 1 and indicate that the DVR group watching at six times the normal speed scored significantly higher on biometric response levels as compared to the control group, suggesting that viewers are in a hyper-alert state during FF compared with real-time viewing of the same ads.
Discussion
As expected, the results of the present study indicate that ads viewed in real time were recalled more frequently compared with the same ads viewed during fast-forwarding. Unexpectedly, fast-forwarded ads were recalled at significantly higher rates than expected given the speed with which they were viewed. This suggests that viewers are attending to ads and processing information associated with them even in FF mode. Importantly, prior exposure to an ad increased the likelihood of being recalled. This was particularly true for ads viewed in FF mode where the impact of prior exposure was significantly stronger than for ads viewed in real time. The eye-tracking and biometric response data offer new insights into these findings. The eye-tracking data show that viewers in the DVR group spent significantly more time with their eyes on screen as compared to the control group. Further, of the time DVR users spent looking at the screen, they spent significantly more time during fast-forwarding looking at the centre of the screen where the action for most commercials occurs. This study also revealed that viewers use an adaptive strategy in DVR conditions, using the centre of the screen as a home base so that they can process as much information as possible. Despite substantial amounts of visual processing activity during FF viewing, overall, the eye-tracking data showed visual processing was reduced in FF viewing compared with realtime viewing. In the present study, this decreased level of visual processing activity, an indicator of cognitive processing (Pierrot-Deseilligny et al.
2004), appears to be partially compensated for with increased levels of biometric response, an indicator of emotional processing (Cacioppo et al. 2000; Marci 2006 ). This increased biometric responsiveness indicates that viewers are in a 'hyper-alert', or highly 'engaged', state during FF viewing. The biometric results, when combined with indications of cognitive processing and increased screen time, help explain the higher than expected next-day recall of ads in the DVR group. Taken as a whole, the present study suggests that DVR viewers are indeed processing information at surprisingly efficient rates given the speed of FF viewing and the concomitant loss of audio content. Industry reaction to DVR use over the last few years has led to speculation that ads viewed in a time-shifted, FF environment will fail to be processed by the individuals that view them (Maddox 2006; Consoli 2007; Wilbur 2008) . However, there is a significant body of research arising from the fields of cognitive-affective neuroscience which clearly suggests that information can be processed at various levels even when information is presented at extremely rapid rates (e.g. Murphy & Zajonc 1993; Schacter 1996) . Moreover, the notion that DVR users are not experiencing advertising is in contrast to a growing body of recent research specifically examining the impact of DVR use (e.g. Gilmore & Secunda 1993; Mandese 2004; Millward Brown 2006; Pearson & Barwise 2007) . Obviously, not all information processing is the same and, as this study suggests, ads viewed in FF have less impact on memory than ads viewed in real time. However, the present study corroborates other studies which show that the notion that 'nothing gets through' when ads are viewed in FF mode is likely to be false. Ads viewed entirely in FF mode, buried in the middle of an ad pod and presented in a naturalistic viewing environment, were recalled at rates significantly higher than expected. Consistent with modern cognitiveaffective neuroscience theory, the data suggest that, even at high speeds and without audio content, a considerable amount of information is being processed.
Though there are a number of reasons to suspect that ads viewed in FF mode may be attended to and processed on a more implicit level (below conscious awareness), the data suggest that it would be a mistake to assume that individuals are completely unable to process ads viewed in FF on an explicit level (consciously). In the present study, viewer recall, which requires the explicit processing of information, clearly demonstrates that at least some explicit processing has occurred. When information has been processed only implicitly, individuals show only indirect evidence of that processing (e.g. their behaviour is influenced) but do not show recall via conscious awareness or self-report (Lewicki 1986; Murphy & Zajonc 1993; Bargh & Chartrand 1999; Bargh & Ferguson 2000) . This is due, in part, to the fact that some brain structures involved in explicit processing and explicit recall are generally not active when information is processed implicitly (Schacter 1996 (Schacter , 2001 Elliot & Dolan 1998) . The fact that viewers in the DVR group were able to accurately recall ads at all, let alone at higher than expected rates, suggests that some explicit processing of ads viewed in FF occurred.
The results of the eye-gaze patterns during real-time versus FF viewing offer additional support for the likelihood of explicit processing. Our measure of visual processing activity combines eye movements with fixations outside the centre of the screen. In this study, there were numerous examples of eye movements away from the centre of the screen towards objects of importance even during FF viewing (e.g. celebrities, relatable characters, large branding moments and text). Thus, despite lower levels of visual processing activity during FF (at six times the normal speed) compared with real-time viewing, this measure of cognitive processing (Pierrot-Deseilligny et al. 2004) suggests that specific elements outside the centre of the screen were attracting visual attention. Moreover, the present findings are consistent with prior research demonstrating that viewers often avert their gaze from the television during ads in real time, while DVR users tend to direct their attention towards the screen while in FF mode (Van Meurs 1998; Tse & Lee 2001) . This supports Wilbur's (2008) hypothesis that DVR users may spend more time with their eyes actually on-screen and are less likely to turn away during fast-forwarding due to the motivation to catch the next segment of the show. It is possible that the higher than expected Aided ad recall and Band recognition scores were due, in part, to visual processing activity and increased 'eyes-onscreen' during FF viewing.
The present results also support previous data from a prior Innerscope Research study with NBC Universal (Story 2007) of FF viewers, suggesting that viewers do not 'zone out' or 'tune out' while viewing time-shifted ads. In contrast, they are reacting biometrically as they actively scan ads, follow action and see brand logos. The present study extends this finding by suggesting that DVR users watching at six times the normal speed are actually experiencing higher biometric response levels during FF viewing of ads. As noted above, the biometric response is an indicator of emotional processing (Cacioppo et al. 2000; Marci 2006 ), suggestive of a hyper-alert or highly engaged state. This may be akin to the human brain in an environment that relies on its hard-wiring systems to actively scan the environment automatically and without conscious awareness, with the limbic system of the brain attending to potentially salient stimuli and threats while signalling to other regions of the brain to respond accordingly. The heightened biometric responses of DVR viewers watching at particularly fast speeds in this study support this hypothesis.
From a neuroscience perspective, it is possible that this highly engaged state triggers a form of attention elaboration during the encoding of information, which enhances memory consolidation over time (Hamann 2001) . This attention elaboration is known to stimulate pathways between the amygdala and hippocampus mediated via the prefrontal cortex, brain structures necessary for the formation of memories (McGaugh 2000) , and may underlie the higher than expected memory in FF viewing found in this study. As mentioned, a Du Plessis and Millward Brown (2006) study found that, compared with non-DVR owners, DVR viewers self-reported significantly more 'receptive' and 'attentive' states when viewing television. The biometric results offer a powerful explanatory model for the observed results and are, to our knowledge, the first direct evidence of an enhanced viewing state during fast-forwarding.
The use of a naturalistic design that involved a mixture of different types of television ads that had been in rotation for differing periods of time also revealed a powerful and important effect: individuals were more likely to recall ads they had viewed previously. This finding comes as little surprise for the group viewing ads in real time. However, the effects of prior exposure were significantly stronger in the DVR group. It is interesting to speculate as to whether a dual-action processing mode is activated by prior exposure on FF viewing. First, prior exposure to an ad can serve to prime how information from the ad is processed when it is viewed later (Plassmann et al. 2007 ). This may occur even for ads viewed in FF mode by increasing the saliency of key elements of the ad (e.g. branding moments or relatable characters). Second, it is possible that features of the ad viewed in FF mode activate memory traces or previously developed schema for ad and brand-related material that was not actually viewed. This may result in some of the gaps in the ad created during FF viewing being 'filled in' by memory traces (Schacter & Addis 2007) .
Previously viewed ads that are subsequently seen in a time-shifted or DVR environment may be sufficiently effective to activate prior memory traces in a manner that is free from some impinging factors associated with repeated exposure to the ads viewed in real time (e.g. boredom or annoyance). Despite known limitations of self-report of prior exposure to ads, the present results are consistent with research indicating that prior exposure to accelerated ads enhanced prior learning associated with those ads (Gilmore & Secunda 1993) . It is possible that time-shifted ads have a 'billboard'-like effect, serving to reactivate aspects of a pre-developed schema associated with a particular ad, product or brand. While this activation and enhancement of learning is likely to be implicit (Lewicki 1986; Reber et al. 2003) , it may also serve to increase the saliency of key aspects of the ad, resulting in increased explicit processing being given to specific features of the ad (as well as to the overall ad), which may account for the strong relationship between prior exposures and explicit recall obtained in this study. Future research using analogue studies may be necessary to further elucidate the relationship between prior exposure, information processing and explicit recall before such conclusions can be accepted definitively. For now, the data suggest that ads with prior exposure are more likely to be recalled and their brands more likely to be recognised -and this is especially true for ads viewed in FF mode.
Limitations
In considering these results, it is important to keep a number of limitations in mind. First, participants viewed the media content in a controlled environment. Unlike when viewing at home, when other distractions and demands on viewing may interfere with information processing, all participants viewed all the media content as a single, continuous experience. Future studies should consider observing viewers in their homes while viewing time-shifted content. Second, prior exposure in this study was assessed via participants' self-report. To report prior exposure participants had to have an explicit memory for having seen the ad at an earlier time.
It is possible that they may have failed to accurately report being exposed to ads that they had indeed seen previously but did not remember having seen. Thus, our results regarding prior exposure may be limited to ads that participants are aware of having seen before. Future research should control for and vary the amount of prior exposure using laboratory conditions and novel content to further explore our findings with regard to prior exposure. Finally, data were collected during a single exposure to ads in a novel, never-before-seen pilot television show. Given the results, which suggest that motivational state during FF viewing may enhance recall, future studies of viewers watching preferred content and 'favourite' shows is warranted to further explore the relationship between television content and advertising in DVR users.
Conclusion
In conclusion, the results of the present study in the context of previous findings (Van Meurs 1998; Tse & Lee 2001; Mandese 2004; Millward Brown 2006) suggest that viewing ads in a time-shifted manner is a significantly different experience than viewing ads in real time. The results are also consistent with a number of studies from social psychology, neuroscience, cognitive science and human perception, which suggest that the same or similar information is cognitively processed in a different manner depending on how it is experienced (Elliot & Dolan 1998; Ohman & Soars 1998; Marci et al. 2007) . Thus, while the speed of presentation can strongly affect how information is processed, it does not eliminate the processing of information. Further research is needed to investigate the role of prior exposure in triggering memory of ads in FF mode, the specific role of emotions in enhancing memory traces in FF mode (Ambler & Burne 1999) , and ways to make ads that are effective in both 'live' and DVR viewing environments.
